Introduction: Recently, mass-casualty incident (MCI) preparedness and training has received increasing attention at the hospital level. Objectives: To review the existing evidence on the effectiveness of disaster drills, technology-based interventions and tabletop exercises in training hospital staff to respond to an MCI. Methods: A systematic, evidence-based process was conducted incorporating expert panel input and a literature review with the key terms: "mass casualty", "disaster", "disaster planning", and "drill". Paired investigators reviewed citation abstracts to identify articles that included evaluation of disaster training for hospital staff. Data were abstracted from the studies (e.g., MCI type, training intervention, staff targeted, objectives, evaluation methods, and results). Study quality was reviewed using standardized criteria. Results: Of 243 potentially relevant citations, 21 met the defined criteria. Studies varied in terms of targeted staff, learning objectives, outcomes, and evaluation methods. Most were characterized by significant limitations in design and evaluation methods. Seventeen addressed the effectiveness of disaster drills in training hospital staff in responding to an MCI, four addressed technology-based interventions, and none addressed tabletop exercises. The existing evidence suggests that hospital disaster drills are effective in allowing hospital employees to become familiar with disaster procedures, identify problems in different components of response (e.g., incident command, communications, triage, patient flow, materials and resources, and security) and provide the opportunity to apply lessons learned to disaster response. The strength of evidence on other training methods is insufficient to draw valid recommendations. Conclusions: Current evidence on the effectiveness of MCI training for hospital staff is limited. A number of studies suggest that disaster drills can be effective in training hospital staff. However, more attention should be directed to evaluating the effectiveness of disaster training activities in a scientifically rigorous manner. 
Effectivess of Hospital MCI Training
training is effective is not known. Therefore, a systematic review was performed of the published literature on the effectiveness of hospital disaster drills, technology-based educational interventions, and tabletop exercises in training hospital staff to respond to an MCI.
Methods

Target population
The target population addressed in this systematic review consisted of all clinical, non-clinical, and administrative hospital staff who participated in an educational intervention related to MCI response.
Questions addressed
This review presents the main findings of an evidence report in which the Johns Hopkins University Evidencebased Practice Center ( JHU-EPC) identified and reviewed the published evidence on the training of hospital staff to respond to an MCI. 5 This article focuses on the following key questions: (1) What is the effectiveness of disaster drills in training hospital staff to respond to an MCI?; (2) What is the effectiveness of technology-based interventions in training hospital staff to respond to an MCI?; and (3) What is the effectiveness of tabletop exercises in training hospital staff to respond to an MCI?
Literature search
The JHU-EPC searched seven electronic databases in December 2002, with an updated search of PubMed in February 2003. The search strategy was developed by an expert on the EPC team and reviewed by the team prior to implementation. The resulting citations were entered into a ProCite ® database (ProCite, ISI Research Soft, Berkeley, CA). To ensure completeness, JHU-EPC team members also hand searched pertinent journals and the reference lists of eligible articles through January 2003.
Eligibility criteria
Articles underwent title, abstract, and full review if eligible. Articles were excluded from further consideration at each step based on the following criteria: not in English, no human data, no original data, only a meeting abstract, no data on healthcare professionals, no training or education, no evaluation data, or not relevant to research questions. Two members of the study team determined eligibility of each article by consensus.
Introduction
A disaster may be defined as "a disruptive event whose destructive impact overwhelms a community's ability to meet healthcare demands." 1 Disasters involving a significant human toll are termed mass-casualty incidents (MCIs). The emergence of state-sponsored terrorism, the proliferation of scientific weapons expertise, and the increase in less discriminate attacks all point toward a significant and growing threat of unconventional MCIs. 2 In recent years, the Tokyo subway sarin release, bombing of the Murrah Federal building in Oklahoma City, Oklahoma and the 11 September 2001 attacks in New York City in the US have underscored this concern and highlighted the current limits of emergency response capabilities.
Given the complexities of these issues, hospitals must invest substantial efforts in developing disaster preparedness plans and training while coordinating with public health systems and appropriate government agencies. The Joint Commission on Accreditation of Healthcare Organizations ( JCAHO), in the United States, has issued standards that require hospitals to develop cooperative disaster planning "among health care organizations that, together, provide services to a contiguous geographic area." 3 These standards also require hospitals to test their emergency management plan twice a year including at least one community-wide practice drill to assess communications, coordination, and the effectiveness of command structures. 4 However, disaster preparedness training is time-consuming, expensive and may divert resources away from other important needs. Moreover, the degree to which Table 1 --Characteristics of studies evaluating training programs for hospital staff to respond to a mass-casualty incident (A = administrators, Adm = admitting, CEO = chief executive officer, ED = emergency department, FD = fire department, FR = first responders, HazMat = hazardous materials, ICU = intensive care unit, Loc = location, M = maintenance, n = number, N = nurses, NA = nursing administration, NS = not stated, OR = operating room, P = physicians, RS = radiation safety staff, S = security, T = transport team, TO = telephone operator, TA = transportation accident, TT = triage team, US = United States of America)
Results
Literature search
The literature search process yielded 243 unique potentially relevant citations, 208 of which (86%) were found to be ineligible during the abstract review process. Of the 35 studies identified for full article review, 21 were eligible for data abstraction (Figure 1 ).
Focus of the reviewed studies
The 21 studies that met the inclusion criteria covered a variety of training interventions ( Seventeen of these studies used disaster drills to train hospital staff to respond to an MCI, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] one of which was a complex exercise targeted at testing the readiness of top government and other officials. 22 Four studies used a technology-based learning technique such as computer simulation, video demonstration, or teleconferencing. [23] [24] [25] [26] The training scenario also varied, with most using a conventional MCI as the educational setting. Six studies Vol.19, No. 3 Effectivess of Hospital MCI Training and 11 studies included nurses. 6, [8] [9] [10] [11] [12] [15] [16] [17] 20, 25, 26 Hospital administrators were involved in five studies; 6, 8, 11, 15, 23 in addition to hospital personnel, first responders were included in nine studies; 6, 8, 14, [17] [18] [19] [20] [21] 25 security and transportation personnel were involved in two studies. 6, 15 Four of the studies did not specify a targeted audience. 7, 13, 16, 22 Principal findings of key questions The 21 studies reviewed evaluated the impact of the drill by observing targeted components, e.g., incident command, communications, clinical care, patient care, flow and tracking, security, materials and resources, and decontamination ( Table  2 ). The methods used for evaluation were markedly heterogeneous and often not well-described or not specified. The training evaluation methods most commonly used were were focused on a fire or explosion. [8] [9] [10] [11] 18, 26 Seven studies described a transportation accident (e.g., a plane crash at a local airport). [13] [14] [15] [16] 20, 21, 25 Three studies were focused on a chemical event, 6, 7, 18 two studies described a radiation event, 12, 24 and one study focused on a biological event. 22 The event type was not stated in two studies. 17, 23 Although most took place in a single hospital, 6, [8] [9] [10] [11] [12] [13] [14] [15] 18, 21, 23, 25, 26 five studies provided evidence from multiple hospital settings, ranging from 3-21. 7, 17, 19, 20, 22 Two studies did not specify the number of hospitals involved. 16, 24 Target audience of the training In all but one study, the educational intervention targeted multiple types of hospital staff ( 
What is the effectiveness of disaster drills in training hospital staff to respond to an MCI?
The majority of studies (17 out of 21) trained hospital staff to respond to an MCI through disaster drills. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Learning objectives of these exercises addressed: (1) knowledge (e.g., proper implementation of evacuation procedures); 8 (2) skills (e.g., ability to use fire extinguishers); 10 (3) 10, 13 and improved patient tracking and flow; 7, 8, 12, 13, 15, 16 however, they also demonstrated a number of deficiencies in decision-making 9, 19, 22 and information systems, 22 in clinical operations resulting from inexperienced staff, 7, 9, 19, 20 errors in treatment, triage, or documentation, 11, [15] [16] [17] 19, 21 and inadequate training. 7, 9, 19, 22 The disaster drills also effectively identified resource shortages. 8, 10, 15, 17, 19, 22 In addition, drills effectively underscored critical issues in communication, such as the importance of clear lines of authority in incident command. 8, 9, 11, 13, 15, 22 Communication breakdowns occurred with inadequate intercom systems or alarms, 10,12,13 radio problems, 15, 20 and incorrect emergency call-up lists and numbers. 20, 22 Identification of these issues allowed changes to be made in response, improving preparedness for the future.
What is the effectiveness of technology-based interventions in training hospital staff to respond to an MCI?
As shown in Table 1 , four studies used a technology-based educational tool. In one study, a computer simulation was used to train senior hospital administrators to respond to an MCI and to identify bottlenecks in patient care. 23 Another study used Internet-based audiographic teleconferencing to test real time communications and to triage, diagnose, report, and treat radiation victims through video conferencing across time zones. 24 A third study used a video to demonstrate the hospital disaster plan. 25 The fourth study used audiovisual instruments to teach burn care. 26 Learning objectives of these interventions addressed knowledge, behaviors, and clinical outcomes.
The authors reported that these technology-based educational strategies were effective as evidenced by increased knowledge of injury treatment, 24, 26 improved information retention, 25 and identification of bottlenecks, crowd control issues, and resource needs. 23 
What is the effectiveness of tabletop exercises in training hospital staff to respond to an MCI?
There were no articles that described and evaluated a tabletop exercise designed to train hospital employees in an MCI response.
hospital employees over a widespread geographic area. Video demonstrations may be an inexpensive, convenient way to rapidly educate a large number of staff about disaster procedures and equipment use. More analysis of these training strategies must be done before their effectiveness can be established.
Tabletop exercises have been used to train key decisionmakers and to evaluate the logistics of disaster response. Although used frequently as a training method for first responders, and supported by experts as an important device in disaster preparedness, [27] [28] [29] [30] there were no reports evaluating hospital tabletop exercises, making it difficult to determine its effectiveness as an educational tool in the hospital setting.
Limitations
This review has several limitations. First, the search was limited to published English language articles that described both the intervention and an evaluation. There may be classified or unpublished material on MCI training that is not included in this report.
Another limitation of this review is the small number of studies identified. Unfortunately, relatively few reports are publicly available on the use of disaster drills to train hospital staff in how to respond to MCIs, denying the disaster preparedness community the benefits of collective experience. To facilitate access to and use of data evaluating hospital disaster drill, a central reporting system for hospital Effectiveness of hospital disaster drills is difficult to determine as there is little objective data in the literature, such as pre-and post-test knowledge scores or statistics showing significant improvement of patient through put time. Instead, the authors of these 17 studies generally described the disaster drills as effective and successful based on the following accomplishments: (1) drills allowed hospital employees to become familiar with disaster procedures; (2) drills allowed identification of problems in the different components of response (e.g., incident command, communications, triage, patient flow, materials and resources, and security); and (3) drills provided the opportunity to apply lessons learned to disaster response.
As technology evolves, technology-based learning will be used more frequently in the future. Computer simulations may represent an effective way to educate key hospital decision makers about disaster procedures prior to a full scale drill and to identify bottlenecks through animation tools. Teleconferencing may be an effective way to educate disaster exercises could be created, using templates for training reports (i.e., Utstein-Style Guidelines) 31 with universally recognized nomenclature.
The studies that were identified have important limitations, such as limited descriptions of the targeted learners and educational methods, lack of a comparison group, and subjective evaluations. 5 In the future, more attention needs to be given to evaluating the effectiveness of relevant training programs in a scientifically rigorous manner. Future studies should employ appropriate evaluation methods, such as pre-and post-testing and comparison groups. Well-defined objectives linked to measurable outcomes assure fair and unbiased determination of the efficacy of educational methods for training clinicians in disaster preparedness.
Evidence is lacking on the cost-effectiveness of any particular type of hospital disaster training. Although disaster drills may provide the most realistic training outside of an actual event, they can be expensive. 22 It is imperative that future studies report on the cost of the disaster preparedness training so that financial implications may be factored into training recommendations.
Given the increasing likelihood of an MCI resulting from terrorism, it is reassuring to note that six of the 21 studies 6, 7, 18, 19, 22, 24 used a non-conventional disaster scenario, such as a chemical, biological, or radiation event. MCIs of this nature are more complex for many reasons, including the possible need for decontamination, isolation needs due to contagion, and/or the compounded psychological effects inherent to terrorism and the unknown. It is important to prepare hospitals for these unique challenges. Future training should continue to address biological, chemical, and radiation incidents.
Conclusion
This synthesis of existing evidence was directed at establishing baseline knowledge regarding the effectiveness of hospital staff MCI training. Due to marked differences in the design of these 21 educational interventions, and lack of scientifically rigorous evaluation, it is difficult to establish definitive recommendations. Given the limitations of current evidence, it will be important to develop welldesigned studies and new evaluation tools to determine the effectiveness of different MCI training programs. By examining interventions with evidence-based methods and by reporting and publishing results, hospitals can catalyze development of improved standards for hospital disaster preparedness.
